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© ton-conductive polymer electrolyte. 

© An ion-conductive polymer electrolyte comprises an organic polymer and a soluble electrolyte salt The 
organic polymer is obtained by crosslinking a compound having an average molecular weight of 1.000 to 20.000 
and having a structure of the following formula ®; 
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in which Z is a residue of. a compound having at least one active hydrogen. Y is a hydrogen atom or 
polymerizable functional group, m is an integer of 1 to 250. n is 0 or an integer of 1 to 25. k is an integer of 
1 to 12. R is an alkyl. aikenyl. aryi or alkylaryl group having 1 to 20 carbon atoms. While the compound 
r presented by the formula © in which Y is a hydrogen atom may be crosslinked with a crosslinking agent 
such as an isocyanate compound, th compound having a structure of the formula © in which Y is a 
polymerizabl functional group may be crosslinked by its If. 
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ION-CONDUCTIVE POLYMER ELECTROLYTE 



1 - .* '? 



" " Background of Invention "' ' ,! '• -" T '' 



This invention relates toanion^nductive ^ poiymef-eleGfrolyte. . • z . m 

5 As an ion-conductive polymer electrolyte, there has been known following compounds. For example, an 
^, 0 * v 0taanic pojymer- electrolyte^ polyethylene o^de type; an oroanic polymer electrolyte having a rnultrfunc- 
% • 'KS ^viZl molecular structure prepm/by a raiidam '^oiym^zatioh'of ^ethylfehe oxide portion and 

■ e - «. ^ ia main rhain of ooivethvlene oxide (Japanese . Patent Publication No.1 36.408 <oM 988), a soua poiymer 
SSnS' SSS^PaWrt' i4n£a&o-^^of 19*6); and ' an idn^nductWe^er ^^olyte ,n 

.bi-: 4 - ; n S ^n of.a^homp^ ^ oss . ,,nk ^. f paneSd 

«,.„• , r ;.^;. However^those conventional jor^ond^erpolyrner elktrolytesW the following- problerns 

V. FSTS^anic polyme^e^Qryte^PO^ relatrvery good I'th.urn-.on 

I??. . :. ^^S^^^eZ^e^^t ioWerthan 40;;;c. tfrtf charactenstic is- lb%ered rapidly at the 



^m ,temperat«re,fange, of,about USed 

" A , ruapan^S:SSo^S ^ 

2me room temperature range, of' about 25 . 'tfie . l|werin^ pf^'ee^te 'at a temperature of not higher 

iTb TvSTs considered as a practice &rn^^ «" 

not be obtained. 7 _ f ? ^ .1 ^ . e - : . u „ _ >^ . 



^ T£Z£ p^he? eiecfrolyfe^escribed ^ Ja^anesVLaid-Open Patent Publication Na83*9 of 1986 
is anorgTcXr prepared * a randam-copo.yrnerization of ethylene oxide with *«^ = . 
^e stricture of *e organic polymer resultant* becomes amorphous as a result by the^ r^dom- 
copolymerization. but the amorphous structure is not sufficient by the difference of reactivity between each 
!ao? :s men^iielw^^therprof^ qiiaWy tentfMP, b&ui^abje.^ , r , ( , _ ^spAt^ publication 

^-^Further- ^sirice *the, organic polymer e^lyteidescribed^in ^ 
! * ^NoV98.480 idf '1980 is thermoplastic, ; a film formed : ;with isjirnited r pnl y to be. simple ar^d a good adhesion 
• s - i 1 ■between 1 tne c filitv'and the electrode; caivnots;be obtained. -, s vid.-istf&io e' <■ .r.v .* .vn-;? n .g. . . „ 
.rbi : THe^ obiecft of the- prtaentrlnvention-fe- to^solve^r woolen* as^descrjbgd ; abovp and to proy.de an 
\6^t>^^ p6m^ ^^^ ^^ n «hw« aniexcelle^ion conduc^. ar.d ( can be easily handled. 



,1 »v.i ■->■: 



J .t*.-:a -"ft? br- t- J j.otl.-J :o <. ■■; ■ .Sunwiiaicy-ofcth^lriyen^o^,^,. • j. -„ 

fsiis;h?-ffi\^ I ' .i.r'. v? fc;i.:T >c. ctiIj ■■ S u. -I?.- -.i £ r. .i..>.-r' ^!.ju'' i *, -.- iii-. • . 

r , - LA^. : t r, YnU n ioriHibnducWe tt p&iymer electroly^ 

v.J-chM.v.^ OTlu bie ^iefc{roiyte:salt The-orgahic ^ polymer.is ,obtaiped^y crosslinking .a coppourjd having an average 
molecular welg^ 



- - :^ •'», which Zris^aVresidue of a,ppmppund paving, at, least one.-actry L ..hydragen fl»ere.nafter referred o as 

- * 1 :. • . ^e>hydrogen arouo 
- • to :250Mis.0or.anirtegeroM^^^ 

; |i"s'». ' havinc- 1 to 2D carbon atoms. . . r - rn: ; .* ... - . .r-i -; v i- i ^ ■ ' ■ -* r ' " ■ * u« 

6 -TSi. TthiSmpound having a structuVe ; ,of the formula Q in ^ Yjs a hydrogen atom may be 
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crosslinked uith a crosslinking ag nt such as an isocyanate compound, the compound having a structure of 
the formula © in which Y is a pplymerizable functional group may be crossfinked by itself. 



5 



Detailed Description of the Invention 



r ,- "' jv Th^-'^' ttov^^^^^f^^^^?!^. ixoVdingf %» the^lnveriaon is'<thafaweriz$d-in comprising 
.'Twin iQ9«l^^pol^n^ (^fP^r^t^^^^!^ 1 ^??^ ^»^«ww^«n>fil;»«^nia a^structure ofrttto formula © 

70 t and a>spluble etectrolyte^salt. , ' . J " C ",T , ' S " ' " " ' ' " 

- «- =' , W'con^rrttha^a^sjfuadre-W tt» 'fon%ilk*f3):«h6r«in Yls% Jiydro^en atom cart»be obtained by 

" U. reacting..^ actrye^hy^^ 50 * e 

r ^mole^w^^ becomes 1 

J tQ ^^^Artm l fo1towing'>^r J Qunds;isuch as polyhydric 

aJ&'e£*etn^ ^Sir'.^^^ q(ycem tHmeftytolprbpanei pentaerythritol. 

,^bitoi -sum, poivalyoe^pLand She like; amine' boHipourids;' tigfc • 'butylarrdhe; r2-ethy!hexylamine. 
^'"^emyter^ia^ 

the^Uke;,phenoBc active hydrogen 

/^s.cowpc^rKJSv eJirBisphen^ act,ve 

^Ne^a^e-g^ exemplified 
"V S;.2SS ' co^iS^?? ^ 9^?e« efcyirgly^Wor alkyHalkenyK aryt- or 
i-, esr,, aikytary^lyethytehe gWcor gjyadyl etiiers iepresentey by the.fenowing-formula:. . >. t 



•"• ©fit '"i-'iv s'. Yc e -iwvnis lo riob.*si^.'rfV<ryc>rr<£ < ;i. j", . ' -trrw-c, -v.i'-v, - • 

.»!-: v.i ;iugr-. • e.A AorlCD!^. ?.;..,no^-:Q vt:nr.:;rf.v. • wy'.vo ..ii^'-.v. t.-ii to : ;.'o!k 8 C-.-*7 
■>v 3Qj V''?'j"'t»>-i '■- er-e-i^Vb eri vo ^.'jlfirfc .-or, »• eu~-i ".o:v. ; . • .-; . -,. £ v^.k.qon 

wherein R is a straight-chain aM^Sobh 1 ^ methyl; -eMiyJr butyfc and-tlr)8r!*i«: ••tjraiish^*. alkjrt such as 
1 ^ WopyV s^uty1.''tert4xi^l=a^%e -nke:/alfenyl such as «hyl, ally!. iTprqpenyJ. 1 ,3*utadienyl and the 
* ^ Bke^M 'o^aikylary 1 ! such -as phenyf; ribnyiphehyR tolyl; behzylcand .the like and n is.ah jnteger of 1 to 25. In 

„ the above formula, n is preferably an integer of V&VS and the carboni.nMnab.er of R is, preferably 1 to 12. 
:: f -''-- TVe glycldyr'elrterl rrray , 'be-.copblymerized with- alkylene oxides, such as ;ethyjene oxide, propylene 
o^de am^ I th'¥ iike withWthe rarigenn whi6hr««e characteristics of Jhe organic, pojymer.are npt changed. 

Generally, the following catalysts may be used in the reaction of active hydrogen compounds with 
grycidyl ethers. There are included basic catalysts such as sodium methylate. sodium hydroxide^ potassium 
40 hydroxide, lithium cafbonal#i^ndiJrte;-^ : a^fic» catalysts such as boron trifluoride and the like; amine 
catalysts such as trimethylamine. trietnyramine and the like. ■ " 

Furthermore, the compound having a structure of the formula © wherein Y is a pplymenzable 
! 'ftinbtional group ! rnay be bbtaunSd byca method'in.Vwhich an : hydrogen ixirnpound is reacted with 
' glycidyl'-ahers to obtain "a polymer compound as vde^bed above and then, if necessap/. a polymerizable 
4s functional grbup^is intrtrfuced tb thet-end^Of thet main .chain of the,pplyeth8r cornpflunoV^^ . 

Among the polymerizable functional groups, there are included an alkenyl such as vinyl and the like; an 
group having an unsaturated bond such as acryloyl. methacryloyl and the like; an group having straight 
chain and cyclic portion ^donSSnlrlg" Sl'"and~the- like—these ."groups -are 'introduced into the molecule by 
reacting the above polyether compound with a compound havihg the pblymerizable functional group, 
so As the compound! having %ei»rymerk^ are exempUfied the following 

compounds: such as compounds having at least on carboxyl group and at least one unsaturated bond in 
the molecule e.g., acrylic acid, methacrylic acid, cinnamic add. maleic add. fumaric add. itaconic acid, p- 
vinyj benzoic a^'^'me^ike^and/or 1 anhydrides ef W^Bov© compounds^ e^.. maleic anhydride, itaconic 
' anhyd^de ^mp lKe^anc^ 

^ss ' 'glycidyl mettacVy^ati'ahaW Bke; Isocyanatas, 1 ^ m'etKacryloyl isocyanatertaridith^.nke: the compounds 
containing Si .g. dichlorosilane. dimethyl vinylchlorosilan and ihe .like.- Thes compounds having the 
1 polymerizable . fUriiitfonal group may be used'i sblely e or- • in- >combination to ^produce the polymerizable 
compound having a structure of the formula ©. 



EP 0 392 839 A2 



The compounds having a structure of the formula © thus prepared may be used solely or in 
combination. Howev r. it is important that the compound having an average molecular weight of 1 000 to 
20 000 is used in any evem."When the" average-molecular weight is less than 1.000. the film-formabilrty of 
the product becomes poor, and when the average molecular weight is more than 20.000. the physical 

^fcMta or^aniecompoundihaving^^cture o£me ^ula; ©; l^rrasponds to the number of active, 
"hydrogen groups in the active hydrogen compound ^0%.™"**°* 

12 " The crosslinking reaction of the compound having a structure of the formula © wherein Y is a 
w hydrogen atom may betcarried owt^us^ju^J^ agent at least one polyisocyanate compound 
such as 2 4-tolyleneo1is6cyaffate (2;4-TBI)r 2;Wolylene-diisocyanate (2.6-TDI). 4.4 -d.phenylmethane 
diisocyanate (MDI). hexamethylene diisocyanate (HMDI). isophorone diisocyanate. triphenylmethane 
, ,triisacyanate. , tris(isocyanatephenyD ; .thipphosphate, Jysine este. ; _ Wisocyanate 1 o^nsocyanate^ 

i S c<^at"emethy«octane. r 1.6,Tl^ndecane tnHsccyafiat^ 
rs triScyanate. biuret-bonded HMDi. iscicyanurate-bonded HMD?, an ~a*dduht of tnmethylolpropane with 3 
moles of TDI and the like. lt . . 

The used amount of the crosslinking agent is preferably selected so that the number of'isocyanate 
group in the crosslinking agent becomes 1 to 1.5 times of the number of hydroxy! group in the compound 

- -" r ;.. ! ..> v- having a^stouctmeof the formula © T . .;-,- n -,v w »^ V pi :- •* -'n v .,- - . . „ ' 

„ Further, to complete rapidly the crosslinking reaclfcjn.. hK^^^^^^TS^L 
catalysts there are included such as organic metal catalysts, elg.-. dibutyltin ^.laurate (DBTDL). d.butyttin 
diacetate (DBTA). salt of phenyl, mercury propionic acid, lead octenate and the like: amine catalysts, e.g., 
iriethyienediatnirta; ^N'^rhe&yipf perakhe." N%fetfiylhSir0hoine. tetramethyl guanicfine. tnethylamme and 

2S ^ NtoxL the crosslinking reaction of the compound having a structure of the formula © wherein Y is a 
polymerizable functional group may be different depending on the nature of the structure and the type of 
:« ^- me'=poIymeri Z able,functipnal groMi^^ ►^verv.^mS^f' r*^?<i ^ ^JSL^SSt 

» • r»rr ., ,,,rne^L.film^ 

vDE.-' >c 711- evsensiazerrmayibe addedin ^r^actiqn.systeni. , ^nrs.a r l!S r, ^ ^ - , • 
m As the soluble e!ec*plyte;^^ 

exemplified the following compounds; such as inorganic-ion sahs cbri&ning- at metal element 

selected from the group consisting of Li. Na. K. Cs. Ag. Cu and Mg. e.g.. L.I. UCl. LiClO* USCN . LBF* 
LiAsFs UCFaSCb. LiCsF^SOor LiCFaCOa. L,Hgl 3 . Nal. NaSCN. NaBr. Kl, CsSCN. AgNOa. CuC, a Mg(aO^ 
,and the like; organic-ion salts. e-gU.Kthium stearyl-sulfate. sodium octylsulfate. lithium dodecylbenzenesul- 
3S fate, sodium naphthalenesulfate;' lithium dibutylnaphthalenesulfate. potassium octylnaphthalenesulfate. po- 
tassium dodecylnaphthalenesulfate and the like. . 

The added mol ratio of the soluble electrolyte salt to the number of oxyethylene unit- (hereinafter 
referred to as "EO") comprised in the above organic polymer is preferably 0.0001 -- 5.0- (mol/EO). When 
the soluble electrolyte salt is added in too high ratio, excess of the soluble electrolyte salt such as 
«, inorganic-ion salt does not dissociate but merely is present as a mixture and, resultantJy the ion.c 
'~° • "cohductivity is adversely -lowered. ,. S .0 . >•;,!. . -.-,r ; ..- t . . 

rr It. : v =.* ^-^wufiwjk^ 

* restncte<i J but'it is generally' ^convenient that: the salts, are^ssplved.in^. organic. splvert such as methyl 
ej^lte»ne ,r (MEK)< *tefiahyd<olu3n:.fFHF)fand;tbe .lite-an^mjxed,^. th*,onjanfc polymers uniformly and 

According to the-tevention. as argiyddyLiether s is (i usM;in.*& constitution of th^rnain chain of the 
organic polymer, the structure of the organic polymer is made to be amorphous completely and the 
crystallization temperature is lowered by the presence of the side chain similar to the main-chain. When a 
lithium salt is used as the soluble electrolyte salt the movement of the lithium cation, is made easy and 
lithium-ion conductivity in a temperature range not higher than room temperature is remarkably improved. 

" When an 'actWe-rfyTSfo^^ such 38 polyisocyanate 

and the like a film superior in both of curability <anti:<adbesigrMQdthe electrode, can. be. obtained and thus an 
ion-conductive polymer electrolyte excellent in practical utility can b provided. On the other hand, when a 
compound having a polymerizable functional group in the molecular is used, no crosslinking agent is 
required to carry out the crosslinking reaction. Accordingly it is safe and it can, shorten the crosslinking 

'^Furthermore/ according' to the ;.weriti0n, the organic polymer can be, made more amorphous to give 
various forms of the product and accordingly it is very useful. - .... - 



l'l vi. 
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f ' ^ '* f!L *" T " * Brief Descriptfon of the' Drawing i - * > 

, JFhe sing|e f figure of the drawing is a graph illustrating the relations^ between ^temperature and the 
" V* 5 j P n conc^c^ Exampl 1, 

Example 2 and Comparative Example l. b ou:.^. r-^r - v< - • . sqi,^ * --v-v 

' :v f ; • ^ ' '-^ ?l r #eVerri£j- Embfoimgrits of ihe Invention - ^ r 1 . 

^r::- ; . * * f i.i-... • . ■ !.', v . : .»,: 7- , •>.-■- . — • s, i..^r-'- 

7 - Jhe.^ Jliiisirafe the ihvehtioh in shore <&btiail although <4he- invention is not 

* ■ : limited, to the ex^^ ' ' r * 3 -"^ 

. * V I' V >:-i , . 

. . . + .1 moL of Glycerol (92 g) was reacted with 22 mol of-methyldiethylene glycohvglycidyl-ether <3,874 g) 

... t i.-! represented; f by vt the following formula / ' - . 

\ y ' " ■ • • 

in the. pres * rt " e — 1 ~* *-oo».m i 

introducing 



^e prince of *'o:il^^^ 9> for^ 6-hours ^at 120 C%with a consecutive- 

u.uodacing method^ temperature- for^vhours. Then the 

^ e roduct, f was purified to pbtain 3.570 g of an or^i^^ of 4 ' 900 

V ^ /, ,. ??/ C alci .fated" by hyWo^ irt 21 



*** ::r ' m:2£ c ' ' 1 v r; «■ v r ok ^ |( 

40 36 g of thus obtained organic compound, 0.12 g of JJCIO+-. .the 1^. equivalent weight of toiyiene 
- - dm^cWatelo ^ 0.01, g of dibutifltin dilaurate were, dissolved in 3 ml of 

- ; methyretM r ketone^^ 

at : 60 " C under' atmospheric pressure- in .a stream of nitrogen, gas; Ihen the solution was heat-treated for 8 
hours at 80" C in vacuum degree of below ^ x 10 ~ 3 Torr to. remove -methyl stfiy! kegwie tiI .resuitantly an ion- 
""■^J" conductive polymer electrolyte having -a tliicknessof 50 nm.was obtained. riJ Dt 

! ' c '* ;1 ■ • ' * -i ; * , v-'; v-tvi,o 

" 1 J ' • '* * : ■■' v - *■'• ".'1 ... - .rj^ r : oi*;;z:: t- n;-- 

,i: : ' ■ M Example^ J * - ; " 1 '' : : * t:v.:r;-V-.: ^I-J-'* ^ : c*.^ .j: , 

- i '** »v- ■ ^' r. rv^ *:r.r»oi r i j w v. v;j;^V; t m •. r.-.. r m ? ;-js. x 

" 'so ^ Ah ioi^nducWe^polymer 1 except that 

' ^tti^ usage^amoiint 'df'TjCtoi*w^s--change , d i -to , 0.06 i g.o ». : . r«'£ 
r ' - • -v- r \ v;ra - t*ioii£*-v5> f-.v. . . < - v» 

; Example; 3' : : ^ * : ' : ^'.V* • - v,. o - , 

55 '30 g of ethylene 1 glycol was reacted, with* l&JO.g.-of nrbutyl-triethylene glycol gSycidyi ther represented 
by the following formula » , • - .. *. 



c 
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Oh— CH-CH 2 -0- <CH 2 -CH 2 -0) a-C.H, 

\ / .= 
0 ' 

in- the oresence of 6.8 g of potassium hydroxide for ff'ttftra St iaj-'C'wfth a-cbnsecative^ntroducing 
LSod id rSher.*e reaction was continued at the same temperature for 2 hours. The produce was 
T^im^-^c^-^^^^^ average mo.ecu.ar weight of 3.950 and a 
structure of the formula® in which 



Z : $H 2 0- 

- v. s r r .■ • •>.- .\\ :_ Q-~-cvrto;, r*i .:,£;c *,c p fif-? ' nil* 'x* OiiKv : ; 

75 R • -C*H 9 ni * :ij;r *° 

n . o *- 

m : as g of thus obtained organic compound. 0.12 g of LiCIO*. the 0.7 equivalent weigjy? 
HMD. to the above organic compound and 0.01 g of dibuty.tin dilaurate were d,s^tvea^,3 ml ol ^methyl 

- «* - SlfaSSpSlreisure in a sfreaW ^cttttogantga., Then^splutio^was heat-tteated for : 8 hours at 
V< ^T^^hr^^^ *wr*^--torr*^;W«Mz<m,. ketone,,resultantly an ,on- 
? sU ^mtK^e ^>i^ S^d^W having 'a thicRnVsS^of 50 um.was obtain^, -* fc •„,..- o ' 

25 .h£-M&. I'c •. < v .*'£. ;.-o'i."ir'.'. , !»l' ;■. c ~". 'i'.'t 5 >\»!or :>&!.* «■>"';'■''•":;- » '!;. . 

Example 4 . ' ^ 

20 g of ethylenediamine was reacted with 2,650 g of phenylhexaethytene k cftccJ glycidyl ether 
represented by the following formula 

CHz— CH-CHz-0- (CHz-CHz-Q) fc - (5) 

o \ >" 

35 • ' 

in the oresence of 9 4 g of potassium hydroxide for 6 hours at 120* C with a consecutive-introducing 

x-k:,: ? -purifi§d. to ; -obf^m-.C.-C!f^rOjgar.ic c^r^,h^9,%«^.4^^ we|ght of 7,870 and a 
s. .'VWi structuie of the .formula © E in. w W ( *' • ■.' -.<;■-, • >•. . :, ; !: = '> 4 

Z : CHz-NC 

o:6 

m : US q of thus obtained organic compound. 0.1 2 g of UQO*. the 1 .5 equivalenfweight of MW to the 
> ; ' abbve'bnWic cbmr^und ard!:0,01:g^.rf,butyltin^^ 3 ml of me^y| ethyl tetone 

i:-' •- and trierAhe ™ixtur%^was p6ured;ar«o a tetrvessetan^^llowed^,.^^ mmutes at 60 C under 
• :- -a^SericWur^in.a^ 
' " -^SSS ^f xmxKfm tP remove, r^ethyl,^,^,.^^ an .or^onductve 
■ ■■■ ••• v ^blyrner-eiectrolyte having a thickness of SO.um.was obtained. ; ,. .•• ; :> .,. 



73: 
IE 
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Example 5 

30 g of pentaethylenehexamine was reacted with 1,920 g of methyltriethylene glycol glycidyl ether 
represented by v the following formula, - - v f v ■ .. J( . T ; . ^ ~ • 

0 



TO 



in the presence of 6.9 g of potassium hydroxide for 6 hours at 120 C with a consecutive-introducing 
method and the reaction was further continued at the same temperature for 2 hours. Tlien the product was 
purified to obtain 1,598 g of an organic compound having an average molecular weight of 13.660 and a 
structure of the formula ® in which 
rs Z :- $1 -<CH 2 -CH 2 - ^ >g- t : ^ 

R:-CH 3 

?it»v:H,v . jjy;-Sc.2:.to . / • e,jftti;s.:r> mit ::\s 'Z:> ;r r i . -•. ic - - - fi . ■ - K 

^ o:un:r-= 63 ^rithoVobtatnodvorganic cofmpQundv4,12 g oUyqCu. the" J .S^ujvalerit weight of tolylene 
r xi ''20 1 diisbcy'anate-tlb the above^rganic compound ran^O.Qi g of dibutyltin .S^tk^ere^l^o^ed in 3 ml of 
1 " r * m&thyi t?thyi kefohe and then the mixture was; poured into aJlat:yes$<H .apd flowed to stahrfjor 30 minutes 
at 60 # C under atmospheric pressure irt a ..stream , of nitrogen qa^l^ for 8 

hours at 80 * C in vacuum degree of below 1 x 10 ~ 3 Torr to remove methyl ethyl ketone, resultantly an ion- 
conductive polymer electrolyte having a thickness of 50 urn was obtained. 

25 i 

:iT . Example 6- Vr - ; vr >*^ . *i s/?..£ : ~ ;1. ;v. r^Vv**; ^i.^to ajk 

20 g of Bisphenol A was reacted with 1,140 g of methyldodecaethylene glycol glycidyl ether 
ao represented byTiie following formula 

CHz— CH-CH2-0-(CHi--CHa-0).«-CH 3 

\ / 
0 



in'th.e presence 0^4.19 9 of potassium hydroxide for 6' hours at 120 * C with a consecutive-introducing 
method and the reaction 'wasVumier continued at the same femperature for 2 hours.*Then the product was 
purified to obtain 1.060 g of an organic compound having an average molecular weight of 12.710 and a 
40 structure of the formula ® in which 



2 V <d>tXo>o- 



45 • > * \ / CH 




3 



R : -CH 3 

t n :l2 



3£ g of thus obtained Organic 1 compdund^Oil^of UC104. the 0J equiyal. nt weight,of biuret-bonded 
HMD I to me ab^ : brga^ 9 of idibutyitin dilaurate- were, dissolved in 3 ml of methyl 

ethyl ketone afttJ* th^ri *W*'Vhorture was : poured into 'a flat, vessel and ajtowed to stand for 30 minutes at 60 
" : " C und'^r atmospheric pressure in a streani of nitrogen gas.- Then -the; solution .was heat-treated for 8 hours 
55 at 80 "C in vacuum degree of below 1 x lO r "3 t cTorr to. t^nove methyl ethyl k tone, resultantly an ion- 
conductive polymer electrolyte having a thickness of 50 urn was obtained. 



7 
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Example 7 

20 g of monoethanolamine was' reacted with 1.630 g of phenyldiethylene glycol glycidyl ether 
represented by -the following ionriula _ _ _ _ _ 



. ... , VVf -oi. 



in the "presence of 5.8 g of ^potassium>hydipyJde ;for, 6 hours at 120 C with a consecutive-introducing 
metootf and the reaction was further continued aithe same temperature for 2 hours. Then the produce was 
purified to> obtain 1.430 g ot anorganic eon^fioijnd having an average molecular weight of 4.830 and a 
7S structure of She formula ©in whish t r , \ r ^ :rW: ,- : ? ..\} irjR ~ ifrcZ . \ 

Z : CH2-CH2-O- 

'nuso-r nzt . en- ^ r , - y;v Wljr >,.-r noi-mi /TfA & f-< Kri. >,^-v , - , "/I ; 

25 n : 2 

.ir , JI36 g pf thus obtained organic, compound, 0.12 g of UCIO*. the 1.5 equivalent weight of tglylene 
dfisicyanate to" the ^bbve ongkniif coSf^unif 'df-dtbutyttin dilaurateiwere .dissolved in 3 ml of 

methyl ethyl ketone and then the mixture was poured into a flat vessel and^allowecfeto. - stand for 30 minutes 
30 at 60 *C under atmospheric pressure in a stream of nitrogen gas. Then the solution was heat-treated for 8 
hours at 80 " C-in^vtoiiirt^ree„.Qf:j»Io^ x lOf^Xorr^tp remove methyl ethyl ketone, resultantiy an ion- 
conductive polymer electrolyte having a thickness of.SOlim was obtained. 

■ 0 

* 35 Comparative Example 1 

"l^^^bnduc^^^ 1 exce P ttnat 

' v1 - ; w 7 ' ^_^^iT^ r -i,K «wiH 0 /r^^i>iooo,ftviH^= fl^?\thavincvan,averaae molecular weight of 




45 



. v {L^umTiOT ( ^nduc^^ 4 VfL "'"^ ' ' V! > ; r. j 0 

Each of the ion-condubtiw polytfier r el'eetfbiytes Obtained in Examples 1 to 7 and Comparative Example 
2 was interposed between platinum electrodes and the alternating current impedance between electrodes 
was measured and the complex f impedanc§ was analyzed. The results are shown in following Table 1. 

Further, the same results are sfcown in 'the drawing with respect to Examples 1 and 2, and Comparative 
Example 1 . 



50 



55 
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Table 1 



TO 



i. * .-5 



75 



20 





Ionic conductivity (S/crn) 




.-..?•<= . 


-20 # C 


Example 1 


1.8 x 10" 5 


x.3-5,.*" 10" 6 


2.6 x 10- 7 


2 


1.3 x 10" 5 


2# x 10""* 


2.0 x 10-' 


3 


1.0 x 10" 5 


2.2 x 10"* 


1.8 x 10' 7 


, '4 


2.8 x 10*" 5 


4.2 x 


3.1 x 10~ 7 


. ^ „.' i '> ! 'i7 : .o.'. ■ ■ g.^ 




f '3£x'ltr* ■ 


.2 6:2:9 xtp- 7 




215x10^ 


' % 4.0x 10^ 






1.6 x'lO" 5 ^ 


;i -46^10-« : 


2.6xy1CK-f ... 


Comparative Example 1 


3.0 xlO" 6 


213 x v 10- ; 


. below 1.0 x, lO^j. 



.....jjma present -invention Is 



From the result decribed in Table l/the iithium-ion conductivity according to 
superior to that in Comparative Example 1 and its superiority becomes remarkable with lowering tempera-. 
turV And it is obvious that the higher lithium-ion conductivity is shown even if the doping amount of the 
soluble salt of electrolyte such' as LiCIO* and the like is small. The ion^onductive polymer electrolyte 
according to the present invention has high practical superiority in this respect. 



Example 8 



glyddv^l other:represented by the 

v - -■foitowing.fcmniulah.^tii fair** . jsm e o-rv. :iau*oa aw *a;;:>;» „ ty>c c ;.> t 



30 



'^Oc/c strorro;**.' /'^rvari jy*x 



' in the presence of a catalyst (2 g of potassium hydroxide). The product was purified'Wrth desalting to obtain 
o& 876 g of poiyether having an^avera^ molecul^^ght ot4^0 pto^JwhyMde value). 
' - ^e -polyether arid (the IJ^uivaler^ *>* hydroxide riumber of the poiyether 

1 " : were added to'^rttiB ,used amount of which .is equivalent with that of'the acrylic acid. The mixture 
was reacted by adding 0.01 mol % of sulfuric acid at a temperature of 80 to 90 Q with introducing a!r. The 
completion of the reaction was confirmed by measuring the effluent' amount 6f water and the aad value. 
After completion of the reaction, the solution was neutralized with an aqueous solution of sodium hydroxide. 
The product was washed with a saturated aqueous solution, of sodium , sulfate and then benzene was 
removed under reduced pressure. Resultantly. the formation of a terrninal-atryiated poiyether having a 
molecular weight - . . c 



40 



45 >. 



,; > - , L'J.- 



CHO- 
CH*0- 



50 



55 



Y:-CCH = CH 2 
II 
O 

m : 9 
n : 2 
R : -CH 3 . 
k : 3 

was confirmed by measuring the bromine value and the saponification value. " 
3 6 g of thus obtained terminal-acrylated poiyether. 0.13 g of LiSCN (0.025 mol/EO) and 1 % of a 
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polymerization initiator (2.2'-azoisobutylonitrile) were dissolved in 3 ml of methyl ethyl keton and allowed 




was 
remove 
was 



o*- ,t; m« o * - , r - ... -o r/ , r , ; : ^ ^ v. ; 

■ K - , '* v ^ ' * •o-t.ajc • -- r rt:. .-^t i.:ruui v:: c--; • -cy> rc ; ;;- ~ ^ -y<m*a , 

^ 20 a'otsorbitol-'was /eacted"wnt» f,32p"g"of, methyltriethyte giy&dyl ether represented by the 

following formula \ r 'n& f -;7) J.--!-*-* ^ ^.jr cr^:oi -r< e r- <~ •> o "si*-"*'- p 

CH 2 — CH-CH 2 -0- (CH 2 -CH 2 -0) 3 -CH 3 

rs -< o; . 

in the presence of a catalyst (2.7 g of potassium hydroxide). The product was purified with desalting to 
obtain 954 g of a polyether having an average molecular weight of 1 1 .760 (calculated by hydroxide value). 

The polyether and the 1.1 equivalent weight of methacrylic add to the^ hydroxide number of the 
polyether were added to benzene the used amount of which is identical with that oMhe methacrylic acid. 
The mixture was reacted by adding 0.01 mol % of sulfuric acid at a temperature f of 80 to* 90 *C with 
introducing air. The completion of the reaction was confirmed by measuring the effluent;amount of water 
and the acid value. After completion of the reaction, the solution was neutralized with an aqueous solution of 
sodium hydroxide-: Tho product was gashed s with ^a £ saturated ^uc^^soiu^^ and then 

fc^nz&ne was:remove<i uader reduced pressure^^ polyether 
having aveia^ - 

9 9 9 9 9 



20 



30 



m : 9 , f 
n:3 - 

R :-CH 3 . . y- , _ ^ , , ^. T . 

k:6. 

was confirmed by measuring the bromine value and the ^saponification value. 

3.6 g of thus obtained terminal-methacrylated polyether, 0.12 g of LiCIO* (0.01 mol^O) and 1 % of a 
polymerization initiator (2^-azoisobutylonitriIe) were dissolved in 3 ml of methyl ethyl ketone and allowed 
to stand for 1 hour at^80*'C in a stream of nitrpgen ^gas under, atmospheric pressure. Jfien the solution was 
* heat-treited for 8-hburs 'at the same temperature in^ v|icuum c ,degree of .beio^ .1 x 10 ^ 3 Torr to remove 
rnethyrethyf ketone; ^ and resultantiyf.an 'ion-<^nductive polymer e!ecfroiyt<e having a^thickness of 48 um was 



40 



^ 45 



:): -""'oblamed.''';" ^ ;,! ^ - >w -----l>: r.-\;v v. - L —-v. r,> > . -> ; •• : *v - * r7 ^ • 

' rn "^Example'lO* •" :i>;i '' n,: ^e^j^vuen c^n- .-^ii*;; o >nj ,; t g^^c- . ij . r . ; v,,/ 
. * • r *"- c- ,*>: 5 c- Os'Uf'ii;?. r.jc'Mu*^ ^'^•vj.ir?'; « ^£-:-'. .^a ; ^ 

t r 15 g of glycerol ' was reacted with 2.6^ 

me following formula > " ^^./nv^ ^ ^ t,v.::».--r: p o:.:Y *w-".i-^-.' : 

55 CH 2 — CH-CHz-0- (CH2-CH2-O) 6-CH3 

\ / 

0 



10 
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w 



in the presence of a catalyst (5 % g of potassium hydroxide). The product was puriffed with desalting to obtain 
2 160 g of a pojyether having an average molecuiar Weight of T'5.260 {calculated by hydroxide vaJue). 

The poiyether and the 1.1 equivalent' weight ^bY acrylid arid Ho the -hydroxide number of the polyether 
were added to benzene the used amount of which is identical with that the acrylic add; The mixture was 
reacted by adding 0.01 mol % of sulfuric acid at a temperature of 80 to 90 # C with introducing air. The 
-completion of the reaction was confirmed by measuing the effluent amount of water and the acid value. 
After completion of the reaction, the solution was neutralized with an aqueous solution of sodium hydroxide. 
The product was. washed wjth. 4 a saturated aqueous solution of sodium sulfate and then benzene was 
removed under reduri& 1Tr^ure? J R^u^«y; ^■fa^Sb6«- ; b , t a t^i^-acrylated polyethsr having a 
molecular weight of 15,422 and a structure of the formula ®, in which = ^ < > •< 1 7 



75 



<;h 2 o 

r 



H 2 0- 



20- ^vl^e-sii).-- s>cre? l in o;'u tus *.o o s »o;-i 



25 



30 



35 



azoi^butyW^^ 

in a stream of nitrogen gas under atmospheric pressure. Then the solution was heat-treated for 8 hours at 
the same temperature in vacuum degree of below \ x^10 ~ 3 Torr to remove methyl ethyl ketone, resultantly 
an ion-conductive polymer electlyte^aying a thickness of 45 am was obtained. 

V ■ • 0 ' 

Example 1 1 

20 g of monoethanolamine was reacted with 1.630 g of phenyldiethyiehe 'glycol glycidyl ether 
represented by the following formula 



CH-CH 2 -0-(CHz-CH2-0) 2 - <JO) 



40 



CH 



jn the pres : enfce bf f 5 'cataryst (£8 £ d of potassium hydroxide). Then ttie product was purified with desalting to 
1 obtain 1.430 g of a polyethef havthg an average' molecular.. weight of 4,830 (calculated .by hydroxide value). 
Wpoly&her and the 1.1 equivalent- wefc^^ the hydroxide number of the polyether 

45 were added to benzene the used amount of which is identical with that of the acrylic acid. The mixtur was 

reacted by adding 0.01 mol % of sulfuric acid at a temperature of 80 to 90 " C with introducing air. The 

completion of the reaction was confirmed by measuring the effluent amount of water and the acid value. 

After completion of the reaction, the solution was neutralized with an aqueous solution, of sodium hydroxide. 

The product was washed with a saturated aqueous solution of sodium sulfate, and then benzene was 
50 removed uVider r duced ; ^e^re/Msuhantl^the of .a tenriin^acrylated polyether having an 

average molecular weight of 4.990 and a structure of th formula ©. in ; which r % . 



ss 
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k : 3 ,o..r-' T -Oi ^ si»-v V: t^n; 

75 



was confirmed, by measuring^he broniii.e y^ue:^Jthe„s^>onification value. 

3.6 g of thus-obtained tenninal-acrylated'polyetHer. Qj V g of NaCtCU (0.015 mol/EO) and 1 % of a 
polymerization initiator (2.2 -azoisobutylonitriie) were dissolved in 3 ml of methyl ethyl ketone and allowed 
20 to stand for one hour at 80* C in a stream of nitrogen gas under atmospheric pressure. Then the solution 
was heat-treated for 8 hours at the same temperature in vacuum degree of below 1 x 10 " 3 T<prT to remove 
^methyl ethyPk^ po*/ ^rnefvelectrolyte. hj*yir\g i^a t Jhk;l!fn ; ess of 45am was 
e obtained: 7 - : < >: # f-:^-*. :-nrfo*. vir^^C: z v\i,a: ^ - - : <~ i: ^ ^ ..id: 

:?2S r. v . ...;:v^ c-5!\ v*s * rr ,o ^o: ,-Uivr- ••-« ^ :~.-.o\ t>r w • • ~ ;> : - f y t - ^ AvV 

^ ;: &airhple"i2 ; ^ : ^ :n ^/r.*] 5 cv^L;.-. *d t-;. krr: r j p.,tbU vo ss 

*■"* * ; 20 g ; 6f *Bisphertbl ~A< was: reacted with oW4Qe g.pfr, rnethyldodec^thylene ^ ether 
° repre^rited ; b^the fbilowing formula r-Loet pi? i:r ^ .; ;: > h a , : . ; > : . r.-yr 

> i„ GHl>^CH-CH : 2r 0=- (CH^rGHxrO) 1 27JCH3 V'"-. ; I- 
\ / 

.0 : . , ., 

as ;i' Jko 

in the presence of a catalyst (4.2 g of potassium hydroxide) and the product was purified with^ desalting to 
obtain 1.060 g of a polyetherhaving a^mol^ciilar weight of 12,710 (calculated by hydroxide value). 

The polyether and the 1.1 equivalent weight of p-vinylbenzoic acid to the hydroxide number of the 
polyether were added to benzene the used amount of which is identical with that the p-vinylbenzoic acid. 

40 mixture was reacted by adding 0.01 % of sulfuric acid at a temperature of 80 to 90 * C with introducing 

air. The completion of the reaction was confirmed by measuring the effluent amount of water and the acid 
value. After completion of the reaction, the -solution was neutralized with an aqueous solution of sodium 
hydroxide. The product was washed with a saturated aqueous solution of sodium sulfate and then benzene 
was removed under reduced pressure. Besultantly. the formation of a polyether having p-vinylbenzoate 

«s bond at terminal and having a rnolafeular weight of 12.970 and a structure of the formula®, in which 




n : 12 
R :-CH 3 
k:2. 



12 
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was confirmed by measuring the bromine value'and the saponification value. 

3.6 g of thus obtained polyether having p-yinylbenzoate bond, 0.10 g of NaSCN (0.015 mol/EO) and 1 
% of a polymerization initiator (2^\azoisobutylonitrile) were dissolved in 3 m! of methyl ethyl ketone and 
allowed to stand for one hour at 80 ' G in a stream of nitrogen gas under atmospheric pressure. Then the 
s solution was heat-treated for 8 hours at the same temperature in vacuum degree of below 1 x 10 ~ 3 Torr to 
remove methyl ethyl ketone and resultantly an ion-conductive polymer electrolyte having a thickness of 
42|im was obtained. 

to Example 13 , ?V 

20 g of ethylenediamine was reacted with 2.650 g of phenylhexaethylene glycol giycidyl ether 
represented by the following formula, [* 

ts 




20 



%e : V^enCe of a ■ catalyst ^:4-g 6f potassium hydradde):. The fprcKluct iw.as.. purified wjth desalting to 
obtain 2,360 g of a polyether having a molecular weight of 7,870 (calculated by hydroxide value). 

The polyether and the 1 .1 equivalent weith of acrylic acid to the hydroxide number of the polyether 
were added to benzene the used amount of which is identical with that of the acrylic acid. The mixture was 
25 reacted by adding 0.01 mol % of sulfuric acid at a temperature of 80 to 90 * Owtth^nfr^^ 

completion of the reaction was confirmed by measuring the effluent amount of water and the acid value. 
■3 ^t<\: :lc *Aa^'cdmpfetiofr5f WdbwHonfthe s3li*dn .was neutra^^^w^th/an' aqueous solution of sodium hydroxide. 

The product was washed with a saturated aqueous solution pfj solium sulfate and then benzene was 
removed under reduced pressure. Aesuitantly. the formation of the terminal^acrylated polyether having a 
it of 8,084' and 1 a stnibture of th&Tormiila QX' in which 



30 . molecular weight i 



Z : CH^-HC 



CHz-NC 



40 



"US'. ' ..-.1 V -':■» \'j 

n . o 




45 



k : 4, 



was confirmed by measuring iha'brdmine value and the saponification value. 

3.6 g of thus obtained terminal -acrylate polyether, 0.09 g of USCN (0.020 mol/EO) and 1 % of a 
50 polymerization initiator (2jl'-2zo»sG.b^lonitrile) were .dissolved in 3 ml of methyl ethyl keton and allowed 
to stand for on hour at 80* C in a- stream of nitrogen gas under atmospheric pressure. Then the solution 
was heat-treated for 8 hours at the same temperature in vacuum degree of below 1 x 10 ~ 3 Torr to remove 
methyl ethyl ketone, and resultantly an ion-conductive polymer electroiyt having a thickness of 41 urn was 
obtained. f i 



55 



Example 14 
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30 g of ethylene glycol was reacted with 2.650 g of n-butyl Methylene glycol glycidyl ether represented 
by the following formula ;i , . . ; j , r _ 

CB*— CH-CHa-0- (CH 2 -CH2-0) 3 -CH 2 -eH 2 -CttV-CH 3 ' % 

0 . . - 

in the presence of a catalyst (6.8 g of potassium hydroxide). The product was purified wi*h desalting to. 
„ obtain 2 094 g of a polyether .having an average molecular weight of 3.950 (calculated by hydcpx.de value), 
- • - < W-oolyether aWW' -i?t : equivalent' we^gW'-df lp^y1ber^fe»acid''to- the -hydrexid* number of the 
r '~arfwth^W;aeli^to,&«W the 'use? 'arrVb\jht'pf WKidiMs identical ^with that of the;prvinylbe^o.c aod 
^^^d theirrt^rvias reactecJ t^ ^pgOM moi> : bf s^ 90 C wrth 

,, „.e- ^int/c^cjngiair;^ 

l~ ^ =and the acid value-' After ^p^tion^df^relic^r^ soiutibrf was neWralized:with.an ^eous soluton of 
^ J The produl was' 3Sh£MMf a saturafeW ^eo^ soUrtton.of.sodiurn, su^e and then 

benzene was removed under reduced pressure. Resultantly. the formation of a polyether, having o- 
vinylbenzoate bond at terminal and having an average molecular weight of 4,213 and a structure of the 



: 1 " nri*u 



20 



formula ®. in which 
Z : -O-CH2-CH2-O- 



m :7 
n:3 



0.- N — ' 



- * r < t *rtbyl ketoiW'a^' alibied tb e s&nd- for fcrie'hcSur 80 * C irraistreamrof nitrogen >S as under at 
1 Jpresstire. Thence soirfoW'was ^a^eaWfbr Scours at the - same temperature in-jvacuum 

' r ".- having a"' thickness oY5u' urn was"ob*ained: : ° -^-•^ b «fcw • - - ^- ■ fe , 

' i"- .:. . t!. ; , e: :r x0 <; *x ■ S9s or ; ; j..-;^. • 

Example 15 ■ "- " • ' 

to 

30 g of pentaethylenehexamine was reacted with 1.920 g of methyltriethylene glycpl glycidyl ether 
represented by the following formula 

>4S .•-•.^ ,,, K ,y. ; ' 

; [0:A<jr, ' ; i.j, .-.or. "J to n fcr.'fcv.-rt/feyV.* bs™ \"._ v .-i-5^n>.-';? by , j:-"- ,■• 

: " ' '■ ••• }vcm;,<! -»u iu asg fiagcij;.-. Jo ?»ib.v.^ s r.i 0 0. - • 

• - in the 'oresencei'of a cSfe M^o? l i^i^fV < hSWide^ fher prdduct purified with desalting to 
» obtain Vswg oVa p6iy4*er ; ^vi^ 'a^'a^ 

The potyether and the 1.1 equivalent weight of methacrylic acid to she hydroxide number of the 
polyether were added to benzene the used amount of which is identical with that the p-vinylbenzoic aad. 
The mixture was reacted by adding 0.01 mol % of sulfuric acid at a temperatur of 80 to 90 C with 
introducing air. The completion of the reaction was confirmed by measunrtg the effluent amount of water 

^f 5 : andtheladd- value. a , •..,.„. , .. . . , . , .. ^ 

-, - •.^•Afler.<^rnptellon.-«f" the" rWibn7,.thiL'solution- was neutralized 'with- an- aqueous solution of sodium 
-i -hydroxide. The product , was washed with a saturate^ f aq c ueoiis solutioh of sbdium sulfate and then b nzene 
was removed under reduced pressur^. Resultantly-,the forrhatibn of the ^terminal-methacrylated polyether 



14 



EP 0 392 839 A2 



* - •» .v 

having an average molecular weight of 1 4,200 and a structure of the formtife ®, in which 

Z:-N -<CH2.-CH2-V.hr- ; - 

Y:-C C{CH 3 ) = CH 2 " ' - . 

II • 

m: 8° 
n:3 

was confirmed byrmeasMringr^bromto ' ' ' \ - ^* 

" ir 3 6 a of thus .0btained,V m ^^ < 0025 * o!/EO > ^ 1 % of a 

p6lyrterteatiori-:initiatQr;(2^ -azgi ? QtoJy) ? nitrlte) .dissd.lyed 1 in 3; ml of methyl ^thyl^etohe, and allowed 
•to -stand: to .Trtraut at-SOlvC in a stream of nifr^n^ under atmbspHeHc pressure 'Theti the"* solution was 
:*eaMreatea -torSiihoursr at/**, same/tem^r^rft/iri vacuum degree of;below t x^O- > ^orr to remove 
^methyl ethyl keto^ I ^ on ^ uc ^ *£ ete^ol^havir^ a ^ickness oi 46 urn was 

"obtained;- no^cma* v:^;,- -.in .^w^..<v; br. .-r.M .-• ; " v 1 ^V^' 

Example 16 p - - 

20 g of ethylene glycol was reacted with 6.250 g of methyl glycidyl ether represented by the following 
formula , ./ [ ) - - * v . ■ 

" CH2 — CH-CHVO-CH3 
\ / 

0 .. „. . .. . / .... 

in the presence of a catalyst (10 g of potassium hydroxide). The product' Was- purified with desalting to 
obtain 5.970 g of a-poiyetherchaving.an.ay^^ 9M$Q?0 (calculated by -hydroxide value). 

- Tne' polyether and the .1:il < equivalent weight..of acrylicacid to the hydroxide number of the polyether 
^ereadded to benzene the (Used , amount qfrwhich is ; identical with, the acrylic.'acid: The mixture was reacted 
• by adding 0,01 mdl % of sulfuric acid ata-temperature pf ; 80..to rc 9§. * C wWi introducing air. The completion 
•of the reaction was. confirmed;, by. measuring; ±^ JRF^ the aad value. After 

'completion dMhe reaction.- the jsolution was, neutralized with in aqusous solution of sodium hydroxide. The 
product was washed with a saturated aqueous solution of solium sulfate and then- benzene was removed 
under reduced pressure. Resultantly. the formation of a terminaf-acrylated polyether -Having an average 
molecular weight of 19. 160 and a structure of the formula ©. in which Z : -0-CH 2 -CH 2 -O- 



Y :-C -CH = CH 2 
n 
o 

m : 108 
n .0 
R:-CH 3 

k:2. j 



■•- i'. 



was confirmed by measuring the bromine value ahd'ttie 'saponification value. f 

36 g of thus obtained terminal-acrylated polyether. .0.13 g of UCIO* (0.015 mol/EO) and 1 % of a 
polymerization initiator (2y-azoisobutylonitrile) were dissolved in 3. ml of methyl ethyl ketone and allowed 
to stand for 1 hour at 80* C in a stream of nitrogen gas under atmospheric pressure. Then the solution was 
heat-treated for a hours at thej.same temperature. in r \raojurn degree of below 1 x 10 3 Torr to remove 
methyl ethyl ketone, and resul(antly. an lon-rah:ductive J p^ynier electrolyte having ^thickness of 42 urn was 

obtained.. . rt.-^^Tsm \u Utx'^-i'r - . ' jx, I- • > -m 



: Gompara^ve pcample 2 vr . 



An Jon-conducSye polymer electrolyte was obtained in the same manner as*1th- Example 1 except that a 
random" ether (ethylene' oxide/propyiene oxide B&f having an- average molecular weight of 3,000 was 
used instead- of .the-poiyether having ''an, average molecular weight *of 4,890 to produce the terminal- 
acrylated polyether. and oio g of LiQO* w^ use<f iristead of 0.1 3 g of USCN. ^ • . 
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[Litium-ion conductivity test] 



f " ' Eacii of ! trte Tori-Conductive : polymer electrojytes : obt=uned in Example 8 to 16 and Comparative Example 
2 was interposed between platinum electrodes and ^alternating current impedance between electrodes 
waVrheasured aricf the complex- impedance , was analyzed^The resuits s are shown in following Table 2. 

.terser -tv-::^-£'.u->~-i y^: » ? • - t -,'^ .... 



„ Tabled . 



i ■ . - *j 5* >*\ r- t F. ; ; / ■ i ; J V. ,': 1- * : 


■ lu£ rt Ionic coiiductivity-(S/cm) . 0"; 






r ir , r \7.^o "p * 


^arnp^e.,'8 \. rf 
Example*} 
Example 10 
Example 1 1 
Example 1 2 
Example 13 
Example 14 
Example 15 
Example 1 6 
Comparative Example 2 


i.1 x i o^ : 3 
^;S x to^ 5 ; * 

2.1 x 10- 5 

2.2 x 10" 5 
2.1 x lO" 5 
1.8 x 10" 3 
1.2x 10" 5 
2.1 x 10" 5 
1.0 x 10" 3 
2.5 x 10" 6 


' '2.0 x icr* 
; 2.8 riO" 6 
2.5 x 10"* 
3.8 x 10"« 
3.7 x 10-* 

3.0 x 10" 6 
2.3 x 10""* 
3.7 x 10"* 
2.3 x 10"* 

2.1 x 10~ 7 


:v v v :2;1 x 10 -7 

■r^'-d :£:0x 10" 7 ^- 
2.8x10-7.: 

2.7 X10" 7 
2.4 x 10- 7 
1.9 x 10~ 7 

1.8 x 10~ 7 
3.0x10"' 
1.6 x 10-' 

below 1.0 x 10- 8 



From the result decribed in Table 2. it is found that the ionic conductivity of the ion-conductive polymer 
electrolyte according to the present invention is very excellent and its superiority becomes remarkable with 
lowering temperature and higher lithium-ion conductivity can be obtained by use of small doping amounts 
of the soluble salt of electrolyte having such as LiCIO* and the like. 



[Effects of the invention] 

The ion-conductive polymer electrolyte according to the present invention shows good ion-conductivity 
stably. And it can be taken in various forms since it can be made amorphous, therefore, it has very 
excellent practicality. Furthermore, the ion-conductive polymer electrolyte according to the present invention 
is superior in safetyness and can be available with good operation since it can be crosslinked without using 
a crosslinking agent. 



Claims 



1. An ion-conductive polymer electrolyte comprising an organic polymer and a soluble electrolyte salt 
characterized in that said organic polymer is obtained by crosslinking a compound having an average 
molecular weight of 1 .000 to 20,000 and having a structure of the following formula®; 



CH -0 — 

CHz-O-CCHi -CHz-OhrR 



® 



in which Z is a residue of a compound having at least one active hydrogen, Y is a hydrogen atom or 
polymerization-reactive functional group, m is an integer of 1 to 250, n is 0 or an integer of 1 to 25, k is an 
integer of 1 to 12, R is an alkyl, alkenyl, aryl or alkytaryl group having 1 to 20 carbon atoms. 

2. An ion-conductiv polymer electrolyte as defined in Claim 1. wherein said organic polymer is 
obtained by crosslinking with a crosslinking agent said compound having a structure of saidformula © in 
which Y is a hydrogen atom. 

3. An ion-conductiv polymer electrolyte as defined in Claim 2, wherein said crosslinking agent is an 
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isocyanate co.mpound. , ^ . 

4. An ion-conductive polymer etectrolyte as defined in:-C!airh 1 wherein ,y : in said formula (D is a 
polymerizable functional group having -an unsaturated bond.' • : k ^^r-;,;. , . 

5. An ion-conductive'polymer efectrbiyte as defined in anyone of Clajnis .1 said soluble 
s electrolyte salt is at least one selected from the group consisting of inorganic-ion salts containing at least 

one metal element selected from the^group' consisting of U Na. K Cs. Ag. Cu and Mg, such as Ul. LiCI. 
LiCICU. USCN. UBF^UAsft. UCF3SO3. UCsRaSOa. UCFaCCfe, UHgb. Nal. NaSCN. NaBr, XI. CsSCN. 
AgNOa, CuCi 2 Mg(G^ octylsulfate. lithium 

dQde&/\bet\zenesu\iato, sodium naph'tiralenesulfate.. lithium dibutylnaphthalenesutf^te, potassium optylnaph- 
io thalenesulfate. Dotassium^odecyln^hthalenesulfate and the like. 

6~Ah .iorirconductlve ••p^lymV^lectirQly^' as 'defined in anyone of Claims 1- to 5. wherein the added 
amount of raid soluble electrolyte s<alt to an pxVethylene unit in ^3 ^anic polymer is 0.0001 - 5.0 
(rnole/EO). 2.; ; ' — >. ■ y \ «-•> fc , ■ * ' 



is I ■ ' - c 0; .* ' : * r *" ? r v * \ i 
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© Ion-conductive polymer, electrolyte. ■ \ ^ 

<g> An ior*conductjve polymer electrolyte comprises an organic polymer, and a soluble elertrolyte salt The 
organic polymer is obtained by crosslinking a compound having an average molecular weight of 1.000 to 20.000 
and having a structure of thefollowing formula ®; 



If 



CHz-CH -0 r 



'-CH 3 rO)-K-H 



1 



(D 



CO 

< 

CO 

oo 
a> 

CO 



in which Z is a residue of a compound having at least one active hydrogen. Y is a hydrogen atom or 
polymerizable functional group, m is an integer of 1 to 250. n is 0 or an integer of 1 to 25. k is an integer of 1 to 
12. R is an alkyl. alkenyl. arybor^kyjary^roup^awia 1 to 20 carbon atoms. While the compound represented 
by the formula © in which Vis a hydrogen atbnV&ay b crosslinked with a crosslintang agent such as an 
isocyanate compound, the compound having a structure of the formula © in which Y is a polymenzable 
functional group may be crosslinked by itself. 
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